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Comparative effects of castration and dehorning in series or concurrent
castration and dehorning procedures on stress responses and production
in Holstein calves
Abstract
The study objective was to compare serum cortisol as an acute stress measure, chute exit velocity as a
behavioral measure, and ADG as an indicator of performance and well-being after castration, dehorning, or
concurrent castration/dehorning of calves when performed in parallel and in series. Intact male Holstein
calves, 3 to 4 mo, underwent sham handling before 2 procedures performed in series separated by 2 to 3 wk.
In Period 1, calves were either dehorned by amputation, surgically castrated, concurrently castrated/
dehorned, or served as nonsurgical controls (n = 10/treatment). In Period 2, calves that had been dehorned,
castrated, or castrated/dehorned were then castrated, dehorned, or served as nonsurgical controls,
respectively. Indicators of distress were measured after all procedures; ADG was assessed for 7 d after each
procedure and over the 2 to 3 wk interim. Period 1 cortisol concentrations in dehorned calves were less than
in castrated and castrated/dehorned calves at 120 min and from 50 to 240 min, respectively (P < 0.02). There
was marginal evidence that cortisol concentrations were greater in castrated/dehorned than castrated calves at
60 min (P = 0.06). Period 2 cortisol concentrations were less in dehorned than castrated calves at 120 min (P
= 0.005) but were greater from 360 to 480 min (P < 0.002). The Period 2 cortisol profile of control calves did
not differ from the baseline obtained during sham handling, despite the intervening castration/dehorning in
Period 1, suggesting that memory did not affect cortisol. The cortisol profile of castrated calves did not differ
between periods except at 720 min, when Period 1 concentrations were greater than Period 2 (P = 0.02).
Cortisol concentrations of calves dehorned in Period 2 were greater than those dehorned in Period 1 at 20 and
240 to 480 min (P < 0.05). In both periods, castrated calves exited the chute slower than dehorned calves (P <
0.05). The ADG did not differ between surgically treated calves in Period 1; in the interim, the ADG of
castrated calves was greater than that of castrated/dehorned calves (difference ± SED, 1.4 ± 0.6 kg/d; P =
0.03), and in Period 2, the ADG of dehorned calves was less than castrated calves (1.8 ± 0.6 kg/d; P = 0.005).
Our study supports both the common practice of concurrent castration/dehorning and the sequence of
dehorning and castration. Delayed dehorning (vs. delayed castration) appeared to be more acutely stressful
and more detrimental to ADG.
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ABSTRACT: The study objective was to compare 
serum cortisol as an acute stress measure, chute exit 
velocity as a behavioral measure, and ADG as an indi-
cator of performance and well-being after castration, 
dehorning, or concurrent castration/dehorning of calves 
when performed in parallel and in series. Intact male 
Holstein calves, 3 to 4 mo, underwent sham handling 
before 2 procedures performed in series separated by 
2 to 3 wk. In Period 1, calves were either dehorned by 
amputation, surgically castrated, concurrently castrated/
dehorned, or served as nonsurgical controls (n = 10/
treatment). In Period 2, calves that had been dehorned, 
castrated, or castrated/dehorned were then castrated, 
dehorned, or served as nonsurgical controls, respective-
ly. Indicators of distress were measured after all proce-
dures; ADG was assessed for 7 d after each procedure 
and over the 2 to 3 wk interim. Period 1 cortisol concen-
trations in dehorned calves were less than in castrated 
and castrated/dehorned calves at 120 min and from 50 
to 240 min, respectively (P < 0.02). There was mar-
ginal evidence that cortisol concentrations were greater 
in castrated/dehorned than castrated calves at 60 min 
(P = 0.06). Period 2 cortisol concentrations were less in 
dehorned than castrated calves at 120 min (P = 0.005) 
but were greater from 360 to 480 min (P < 0.002). The 
Period 2 cortisol profile of control calves did not dif-
fer from the baseline obtained during sham handling, 
despite the intervening castration/dehorning in Period 1, 
suggesting that memory did not affect cortisol. The cor-
tisol profile of castrated calves did not differ between 
periods except at 720 min, when Period 1 concentrations 
were greater than Period 2 (P = 0.02). Cortisol concen-
trations of calves dehorned in Period 2 were greater than 
those dehorned in Period 1 at 20 and 240 to 480 min 
(P < 0.05). In both periods, castrated calves exited the 
chute slower than dehorned calves (P < 0.05). The ADG 
did not differ between surgically treated calves in Period 
1; in the interim, the ADG of castrated calves was great-
er than that of castrated/dehorned calves (difference ± 
SED, 1.4 ± 0.6 kg/d; P = 0.03), and in Period 2, the ADG 
of dehorned calves was less than castrated calves (1.8 ± 
0.6 kg/d; P = 0.005). Our study supports both the com-
mon practice of concurrent castration/dehorning and the 
sequence of dehorning and castration. Delayed dehorn-
ing (vs. delayed castration) appeared to be more acutely 
stressful and more detrimental to ADG.
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INTRODUCTION
Research assessing the physiological, behavioral, 
and production effect of dehorning and castration 
has focused on the consequences of performing these 
procedures individually, with and without pain relief 
(Stafford and Mellor, 2005a,b). A comparison between 
the individual procedures and the possible additive 
effects of their concurrent implementation, however, 
has received little attention as noted by at least 1 
regulatory body (NAWAC, 2005). Yet in a survey of 
United States veterinarians in bovine practice, 90% of 
respondents indicated that they dehorn calves at the 
same time as castration (Coetzee et al., 2010).
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One study has investigated separate castration 
and dehorning procedures in the same calves, but the 
procedures were performed in series, with castration 
always after dehorning, so comparisons between 
procedures were confounded with order of application 
(Schwartzkopf-Genswein et al., 2005). Another 
study has investigated castration, dehorning, and the 
concurrent procedure in parallel but not in series (Ballou 
et al., 2013; Sutherland et al., 2013).
The objective of the study was to compare the acute 
stress variables of serum cortisol and chute exit velocity, 
along with ADG as an indicator of performance and 
well-being after castration, dehorning, or concurrent 
castration/dehorning of calves when performed in 
parallel and in series. The null hypothesis was that there 
would be no difference between treatments whether 
performed in parallel or in series.
The methods of surgical castration and amputation 
dehorning, without local anesthesia or analgesia, were 
selected for this study because they were reported as 
the most common methods used in light weight calves 
in the survey of United States veterinarians in bovine 
practice (Coetzee et al., 2010). The results of this 
study are intended to provide scientific support for the 
development of best practices in the field concerning 
castration and dehorning of calves.
MATERIALS AND METHODS
This study was approved by the Institutional Animal 
Care and Use Committee at Kansas State University 
(protocol number 2649). 
Calves were assessed hourly for behavioral signs 
of excessive pain over a period of 10 h after surgery 
and then twice daily for 7 d. Calves exhibiting postural 
changes, prolonged recumbency, anorexia, or depression 
were scheduled to receive rescue analgesia with flunixin 
meglumine at 2.2 mg/kg intravenously every 12 h. No 
calves were deemed to require rescue analgesia during 
the study.
Animals and Housing
Forty intact male horned Holstein calves, 3 to 4 mo of 
age, were obtained from commercial dairy herds located 
in central Kansas and allowed to acclimate for 1 wk before 
study commencement in June 2009. Upon arrival, all 
calves were identified with numeric ear tags and weighed 
and measured for scrotal circumference, horn length, and 
horn base diam. (Table 1). These measurements were 
used to assess the balance of the treatment allocation 
in the randomization process and for possible inclusion 
as covariates in statistical modeling. Calves were then 
vaccinated for bovine infectious rhinotracheitis, viral 
diarrhea, parainfluenza3, and syncytial virus (Bovishield 
Gold; Pfizer Animal Health, New York, NY). Calves 
were administered oxytetracycline (Noromycin 300 LA; 
Norbrook Labs, Newry, Northern Ireland) intramuscularly 
(3 mL/45.45 kg BW) and doramectin (Dectomax Pour-
on; Pfizer Animal Health) topically at 500 µg/kg BW. 
Amprolium (Corid, Duluth, GA) was added to the 
drinking water to provide 10 mg/kg PO for 5 d. During 
the acclimation period, calves were trained on a daily 
basis to stand restrained by halter and lead rope tied to 
posts in the study barn as study personnel circulated 
among them, talking and touching the calves as would 
occur on procedure days.
Calves were blocked by BW and assigned to 5 pens 
of 8 calves each, so that each pen contained 2 calves from 
each treatment sequence. Pens comprised a linear row of 
outdoor concrete pads (9.75 by 18.29 m), each with a 
partial roof over straw bedding. The diet consisted of 
water and grass hay ad libitum with a ration composed 
of cracked corn, oats, soybean meal, molasses, vitamins, 
and minerals delivered at 3 to 4 kg per calf per day, 
divided and offered twice daily in open bunks. Due to 
the nature of the diet and the housing arrangement, it 
was not possible to measure individual feed intake.
Table 1. Treatment sequence group means (and SEM) of receiving data1
 
Receiving 
  measurement
Surgical treatment sequence  
 
P-value
CASTSH-
CAST1- DH2
CDSH-
CD1-CONT2
CONTSH-
CONT1
DHSH-
DH1- CAST2
BW, kg 144 (5) 144 (5) 145 (6) 142 (7) 0.99
Right horn base diameter, mm 32 (3) 33 (1) 32 (2) 32 (4) 0.99
Left horn base diameter, mm 33 (2) 33 (3) 34 (1) 34 (2) 0.98
Right horn length, mm 35 (3) 37 (3) 35 (3) 34 (5) 0.96
Left horn length, mm 36 (2) 35 (4) 35 (3) 34 (3) 0.97
Scrotal circumference, cm 18 (1) 18 (1) 17 (1) 18 (1) 0.76
1P-values from ANOVA are shown. With subscripts indicating either sham handling (SH) or the period in which the treatment was performed, the sequences 
were sham castration, castration, and then dehorning (CASTSH—CAST1—DH2), sham dehorning, dehorning, and then castration (DHSH—DH1—CAST2), 
sham dehorning and castration, concurrent dehorning and castration, and then nonsurgical control (CDSH—CD1—CONT2), and nonsurgical control for Period 
1 (CONTSH—CONT1).
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Experimental Design
A diagram of the 2-period study is shown in 
Fig. 1. After an initial sham handling procedure, calves 
underwent 2 surgical treatments in sequence separated 
by approximately 2 to 3 wk. The purpose of the sham 
procedure was to collect baseline stress-related data for 
each calf in a nonpainful situation to compare to the data 
from the painful situation encountered in the surgical 
periods. Thus, the sham procedure allowed each calf 
to act as its own historical control. A period began and 
ended with the collection of BW and encompassed the 
surgical treatment and the ensuing 7 d. The 2 periods 
were separated by a balanced interim of 14 to 21 d with 
a mean ± SD of 17 ± 2 d.
The treatments within a period were surgical castration 
(CAST), amputation dehorning with thermocautery 
(DH), concurrent surgical castration and amputation 
dehorning with thermocautery (CD), and control chute 
experience (CONT). With subscripts indicating either 
sham handling (SH) or the period (1 or 2) in which the 
treatment was performed, the sequences were sham 
castration, castration, and then dehorning (CASTSH—
CAST1—DH2), sham dehorning, dehorning, and then 
castration (DHSH—DH1—CAST2), sham dehorning 
and castration, concurrent dehorning and castration, and 
then nonsurgical control (CDSH—CD1—CONT2), and 
nonsurgical control for Period 1 (CONTSH—CONT1). 
Calves in the CONT1 group participated in Period 1 and 
then were removed from the pens and from the study.
Calves were initially blocked by receiving BW 
in groups of 4 and randomly assigned to a treatment 
sequence. In order of BW, blocks were combined in pairs 
to form 1 pen. In Period 1, calves were processed on 5 
separate d over 2.5 wk, with 1 pen processed per day. 
In Period 2, calves were processed on 3 separate d over 
1.5 wk with either 1 or 2 pens processed per day, which 
resulted in a variable number of days comprising the 
interval between treatments for different pens; however, 
the differences were balanced among treatments.
Two days before the beginning of each period, calves 
were restrained in the chute by tying the head to 1 side 
of the headgate with a rope halter, and then a jugular 
catheter was surgically placed using local anesthesia.
On the day before Period 1 onset, calves were 
subjected to sham handling in which the animal 
underwent all manipulations as if surgery were to be 
performed but without making an incision. Restraint 
of calves was conducted in the same fashion as for the 
jugular catheterization. After the first horn procedure was 
completed on calves in the DH and CD groups, the head 
was repositioned and tied to the other side of the chute 
briefly as the procedure on the other horn was conducted, 
Figure 1. Study diagram. Calves underwent a sham procedure followed by 2 sequential surgical treatments (1 per period) separated by 2 to 3 wk. A 
period began and ended with collection of BW data and was of 7 d duration. With subscripts indicating either sham handling (SH) or the period in which the 
treatment was performed, the sequences were sham castration, castration, and then dehorning (CASTSH—CAST1—DH2), sham dehorning, dehorning, and then 
castration (DHSH—DH1—CAST2), sham dehorning and castration, concurrent dehorning and castration, and then nonsurgical control (CDSH—CD1—CONT2), 
and nonsurgical control for Period 1 (CONTSH—CONT1). Calves were weighed approximately 30 min before commencing the surgical treatments in Period 1 
(Weighta) and Period 2 (Weightc) and then again at the same hour 7 d after the treatment in Period 1 (Weightb) and Period 2 (Weightd). 
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and then the head was returned to the starting position. 
Sham manipulations were as follows: 1) sham castration 
(CASTSH): the scrotum was washed and manipulated for 
approximately 30 seconds, 2) sham dehorning (DHSH): 
the hair was clipped around the horns with electric 
clippers and then each horn was grasped between the 
thumb and forefinger of the surgeon and manipulated for 
approximately 2 to 3 s, 3) sham castration combined with 
dehorning(CDSH): manipulations were carried out as for 
calves in the CASTSH and DHSH groups, always in that 
order, and 4) sham control group (CONTSH): calves 
stood restrained by the head-catch in the chute. Calves 
were processed at intervals of 8 min, being released 
approximately 5 min after the procedure. The surgical 
treatments (and sham) were applied to all calves within 
a span of time approximately 1.5 h or less beginning at 
the same time each day.
On d 0, 24 h after the sham procedure, the control 
animals were handled in a manner similar to the previous 
day whereas the surgically treated calves underwent 
actual castration and dehorning. After cleansing of the 
scrotum, castration was performed by removing the 
lower one-third of the scrotum with a sterile scalpel 
blade; the testicles were exteriorized and removed by 
twisting and manual traction until the spermatic cord 
separated. Dehorning was achieved by placing the blades 
of a Barnes-type scoop dehorner around the base of the 
horn and then quickly forcing the blades together to 
remove the horn; bleeding was controlled by cauterizing 
the cornual vessels with a heated iron.
The environmental temperature was measured with 
a digital thermometer (Model 91551; Springfield, Las 
Cruces, NM) at 0600 h (range 16 to 27°C) and 1400 
h (range 23 to 39°C) on the actual procedure day for 
possible inclusion as a covariate in statistical modeling.
Chute Exit Velocity. After the chute restraint 
period, the velocity at which the calf exited the chute 
was recorded when the calf passed between 2 points, 1 
m apart, of a wireless infrared timing system (Polaris 
Multi-Event Timer; FarmTek, Wylie, TX), with the 
first device being placed 1.5 m in front of the chute 
headgate. The chute exit velocity (m/s) was calculated 
by dividing the distance between the 2 points (1 m) by 
the time (s) taken to travel the distance.
Blood Sample Collection for Cortisol. Blood samples 
4 ml were collected through the catheter port during both 
the sham and surgical periods at these time points after 
the procedure initiation: 5, 10, 20, 30, 40, 50, 60, 120, 240, 
360, 480, 600, and 720 min. A baseline sample was taken 
approximately 15 min before the procedure, when calves 
were brought into the holding area of the barn. The 5-min 
sample was taken as the calf was in the chute, and then 
the calf was released. After exit from the chute, calves 
were restrained with a rope halter and a lead long enough 
to allow the calf to lie down in a common holding area 
in the working facility to obtain blood samples from 10 
to 240 min, after which time calves were released to their 
pen. The remaining samples were obtained after restraint 
of the calves by rope halter in the pen or in the working 
facility. After collection, blood samples were immediately 
transferred to tubes containing a clot activator (BD 
Diagnostics, Franklin Lakes, NJ) and allowed to clot for 
30 to 60 min before centrifugation 4° C for 10 min at 
1,500 × g. Serum was pipetted to cryovials and frozen at 
–70°C until analysis.
Serum Cortisol Determination and Calculation 
of Summary Variables. Serum cortisol concentrations 
were analyzed in the Kansas State University Clinical 
Sciences Laboratory using a solid-phase competitive 
chemiluminescent enzyme immunoassay kit with an 
automated analyzer system (Immulite 1000 Cortisol; 
Siemens Medical Solutions Diagnostics, Los Angeles, 
CA), which has been validated for bovine plasma and 
serum. The assay calibration range was 28 to 1,380 nmol/L 
with a lower limit of quantification of 5.5 nmol/L. 
Over 21 assay runs, the intra- and interassay CV of 
quality control samples with low, mid-range, and high 
concentrations were <8.0%. Peak cortisol concentration 
(Cmax) and the time at which peak cortisol concentration 
occurred (Tmax) were calculated directly from the data. 
As a summary variable, the integrated cortisol response 
from baseline to 720 min [i.e., the observed area under 
the curve (AUC0–720)] was calculated using the linear 
trapezoidal method (Gabrielsson and Weiner, 2007).
Body Weight. Calves were weighed in a chute 
equipped with an electronic scale (EziWeigh; Tru-Test 
Corp., Aukland, New Zealand) determined to be accurate 
within ±1 kg in the range from 100 to 250 kg. Calves 
were weighed approximately 30 min before commencing 
the surgical treatments in Period 1 (Weighta) and 
Period 2 (Weightc) and then again at the same hour 7 d 
after the treatment in Period 1 (Weightb) and Period 
2 (Weightd). Calves were weighed immediately after 
rousing from rest in the morning before ration feeding. 
Hay and water were freely available overnight. Calves 
were also weighed on the day of the sham procedure for 
duplication of handling procedures only.
Average daily gain was calculated as follows for the 
7 d in Period 1 and Period 2 and for the 7 to 14 d in the 
interim between periods:
Period 1 ADG = (Weighta – Weightb)/7
Interim ADG = (Weightb – Weightc)/days in interim
Period 2 ADG = (Weightc – Weightd)/7
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Data Analysis and Statistics
Group means for variables measured at receiving were 
compared using ANOVA (JMP; SAS Inst. Inc., Cary, NC).
Linear mixed models were fitted to response variables. 
Models were fitted to data in the original scale (namely 
cortisol concentration, cortisol Cmax, cortisol, AUC0–720, 
chute exit velocity, and maximum eye temperature) or 
the log-transformed scale (namely, Tmax) as needed to 
stabilize variances and meet model assumptions. These 
explanatory covariates were evaluated for each model 
and included in the linear predictor if there was a 
significant contribution to model fit, namely horn diam., 
horn length, scrotal circumference, arrival weight, and 
environmental temperatures at 0600 h and at 1400 
h on the treatment day. The linear predictors for all 
statistical models except ADG included the fixed effects 
of treatment (CONT, DH, CAST, or CD), period (sham, 
Period 1, and Period 2), and their 2-way interaction. 
Specification of random effects was tailored to each 
model depending on convergence and estimability of 
variance components.
The model for chute exit velocity included the random 
effect of the block × treatment combination to recognize 
the calf as the experimental unit for treatment and the 
blocking factor for period. In addition, the random effects 
of day, day × block, and day × block × treatment were 
evaluated but were excluded from the final model due to 
their corresponding variance components converging to 
0. Horn base diameter was included in the final model 
as a significant explanatory covariate (P = 0.003). 
Comparisons were confined within period because of 
increasing calf size.
The models for Cmax, Tmax, and AUC0–720 included 
the random effect of day × block × treatment to recognize 
the appropriate experimental unit for treatment. Random 
components for day and day × block combination had 
their variance components converge to 0 and thus were 
effectively removed from the model. The residual variance 
covariance structure was modeled using a spatial power 
correlation structure to account for repeated measures 
over uneven time intervals.
In addition to the fixed effects included in all models, 
the statistical model for cortisol also included the fixed 
effect of time (baseline, 5, 10, 20, 30, 40, 50, 60, 120, 
240, 360, 480, 600, and 720 min) and all 2- and 3-way 
interactions with treatment and period. Random effects 
included in the linear predictor were day × block × 
treatment combination and day × block × treatment 
× period combination to recognize the appropriate 
blocking factors and experimental units for the fixed 
effects of interest. The random blocking factors of 
day and day × block combination converged to 0 and 
thus were effectively removed from the model. The 
residual variance covariance structure was modeled 
using a spatial power correlation structure to account for 
repeated measures over uneven time intervals.
Average daily gain was analyzed using a general 
linear mixed model. The linear predictor in the statistical 
model included the fixed effects of treatment and ADG 
segment (Period 1, Interim, and Period 2) and their 2-way 
interactions. The combinations of day × block and day × 
block × treatment were fitted to recognize the random 
blocking factor for treatment and its experimental unit, 
respectively, but both variance components converged to 
0 and were thus removed from the model. Comparisons 
were confined within ADG segment.
For all response variables, Satterthwaite’s method 
was used to estimate df and Kenward Roger’s procedure 
was used for the corresponding adjustments in estimated 
SE. Models were fitted using the GLIMMIX procedure of 
SAS implemented using Newton-Raphson with ridging 
as the optimization technique. Model assumptions were 
considered to be appropriately met based on diagnostics 
conducted on studentized residuals. Estimated least 
square means and corresponding SE or 95% confidence 
intervals are presented. Relevant pairwise comparisons 
were conducted using Tukey-Kramer or Bonferroni 
adjustments, as appropriate in each case, to avoid 
inflation of Type I error rate due to multiple comparisons.
A significant difference was considered to exist when 
P ≤ 0.05, and a marginal difference was considered to 
exist if 0.05 < P ≤ 0.10.
RESULTS
No significant differences were detected between 
treatment groups with respect to BW, horn base diameter, 
horn length, or scrotal circumference measured at 
receiving (Table 1).
Cortisol
Mean cortisol concentration-time profiles for 
treatments within period are shown in Fig. 2. There was 
a significant 3-way interaction (P < 0.0001) between 
treatment, period, and time point for serum cortisol 
concentrations. The P-values for selected simple effect 
comparisons are shown in Table 2, Cmax and Tmax are 
shown in Table 3, and AUC0–720 is shown in Fig. 3. For 
all differences between cortisol means reported below, 
the SED = 10 nmol/L.
Comparisons within Period. Within the sham 
handling procedure, cortisol concentrations were 
significantly increased for CDSH calves compared 
with CONTSH and DHSH calves from 5 to 30 min after 
initiation of the procedure (with a difference range of 26 
to 39 nmol/L; P ≤ 0.05), but there were no differences 
in the integrated cortisol response (AUC0–720) between 
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Figure 2. Plasma cortisol least squares mean estimates (±SE of the estimate) for calves undergoing sham treatment or surgical treatments in Periods 1 and 
2. With subscripts indicating either sham handling (SH) or the period in which the treatment was performed, the sequences were sham castration, castration, 
and then dehorning (CASTSH—CAST1—DH2), sham dehorning, dehorning, and then castration (DHSH—DH1—CAST2), sham dehorning and castration, 
concurrent dehorning and castration, and then nonsurgical control (CDSH—CD1—CONT2), and nonsurgical control for Period 1 (CONTSH—CONT1). Inserts 
show the cortisol concentration-time profile for the first 60 min after the treatment initiation. For graphical purposes, baseline samples are shown at 0 min. Data 
are represented as treatment within period (and sham).
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the CASTSH, CDSH, DHSH, or CONTSH groups. The 
previous comparisons also included Cmax because mean 
maximum concentrations were reached in all groups 
within 20 min.
Within Period 1 after the first surgical treatment, 
relative to the CONT1 group, cortisol concentrations 
were significantly greater from 5 to 60 min in the 
DH1 group (27 to 73 nmol/L; P < 0.04) and from 10 
to 240 min (and at 720 min) in both the CAST1 (28 to 
70 nmol/L; P < 0.04) and CD1 groups (37 to 95 nmol/L; 
P < 0.01). The previous comparisons also included Cmax 
because mean maximum concentrations were reached 
in all groups within 40 min; Tmax was significantly 
shorter in the CONT1 group than DH1, CAST1, and CD1 
groups (P ≤ 0.01). In contrast, there was no evidence for 
significant differences between the 3 surgically treated 
groups with respect to Tmax, Cmax, or any cortisol 
concentrations during the first 40 min postprocedure. 
After that time, cortisol concentrations in DH1 calves 
were significantly less than in CAST1 calves at 120 min 
post procedure (35 nmol/L; P < 0.001) and in CD1 calves 
from 50 to 240 min (31 to 46 nmol/L; P < 0.02). Within 
Period 1, cortisol concentrations were not significantly 
different between the CAST1 and CD1 groups at any 
Table 2. Shown are P-values for selected simple effect comparisons of cortisol concentrations of calves undergoing 
nonpainful handling in the sham procedure or surgical treatments in Periods 1 and 21
 
 
Comparison
P-value
Time, min
Baseline 5 10 20 30 40 50 60 120 240 360 480 600 720
Within sham
 CASTSH vs. DHSH 0.9 0.2 0.5 1 1 1 1 1 0.9 0.9 1 1 1 0.9
 CASTSH vs. CDSH 1 0.9 0.6 0.08 0.09 0.3 0.8 0.8 0.6 1 1 1 1 1
 CASTSH vs. CONTSH 1 0.1 0.3 0.5 1 1 1 1 0.8 1 1 1 1 0.4
 CDSH vs. DHSH 0.9 0.05 0.05 0.02 0.03 0.2 0.6 0.6 0.9 1 1 0.9 1 1
 CDSH vs. CONTSH 1 0.03 0.01 ** 0.04 0.2 0.6 0.5 1 1 1 1 1 0.7
 DHSH vs. CONTSH 1 1 1 0.8 1 1 1 1 1 1 0.9 1 1 0.8
Within Period 1
 CAST1 vs. DH1 0.4 1 1 1 1 1 0.7 0.9 ** 0.07 0.9 0.8 1 0.5
 CAST1 vs. CD1 1 1 0.9 1 0.5 0.4 0.3 0.06 0.7 0.9 0.4 0.6 0.9 0.8
 CAST1 vs. CONT1 1 0.06 *** *** *** *** *** *** *** 0.02 1 1 1 0.04
 CD1 vs. DH1 0.5 1 0.9 1 0.4 0.1 0.02 * *** 0.01 0.8 1 1 0.07
 CD1 vs. CONT1 1 0.1 * *** *** *** *** *** *** * 0.2 0.7 1 *
 DH1 vs. CONT1 0.5 0.04 ** *** *** *** *** *** 0.7 1 0.7 0.8 1 0.6
Within Period 2
 CAST2 vs. DH2 1 1 0.6 0.06 0.3 0.7 0.9 0.9 * 0.9 0.02 0.02 0.7 0.2
 CAST2 vs. CONT2 0.4 0.5 0.4 ** *** *** *** *** *** ** 0.6 0.9 0.8 0.9
 DH2 vs. CONT2 0.6 0.7 0.08 *** *** *** *** ** * * ** 0.06 1 0.1
Within DH1-CAST2 sequence
 DHSH vs. DH1 0.4 0.09 * *** *** *** *** *** 0.6 0.8 0.4 0.6 0.6 1
 DHSH vs. CAST2 0.5 0.03 ** *** *** *** *** *** *** ** 0.5 1 0.1 0.7
 DH1 vs. CAST2 1 0.9 0.9 1 1 1 0.4 0.7 *** ** 1 0.7 0.5 0.5
Within CAST1-DH2 sequence
 CASTSH vs. CAST1 1 1 0.06 *** *** *** *** *** ** ** 0.7 1 0.8 0.6
 CASTSH vs. DH2 0.3 0.8 * *** *** *** *** *** 0.08 ** ** * 0.6 1
 CAST1 vs. DH2 0.4 0.7 0.4 0.07 0.4 0.8 0.9 0.9 0.2 1 * * 0.9 0.7
Within CD1-CONT2 sequence
 CDSH vs. CD1 0.9 0.5 1 * *** *** *** *** *** *** 0.05 0.2 0.2 0.03
 CDSH vs. CONT2 0.9 0.6 1 0.7 1 1 1 0.9 0.9 1 1 0.4 0.3 0.3
 CD1 vs. CONT2 1 0.09 1 ** *** *** *** *** *** ** 0.06 0.8 1 **
Within CONT1 sequence
 CONTSH vs. CONT1 0.9 0.6 0.5 0.7 1 0.8 0.9 1 0.9 0.8 0.4 0.8 0.4 0.8
Within CAST or within DH treatment
 CAST1 vs. CAST2 0.1 0.6 0.8 0.8 0.8 0.8 0.9 1 0.1 0.6 0.7 0.8 0.2 0.02
 DH1 vs. DH2 0.6 0.6 0.2 0.02 0.2 0.3 0.4 0.8 0.08 0.01 0.01 0.05 0.9 0.6
1With subscripts indicating either sham handling (SH) or the period in which the treatment was performed, the sequences were sham castration, castration, 
and then dehorning (CASTSH—CAST1—DH2), sham dehorning, dehorning, and then castration (DHSH—DH1—CAST2), sham dehorning and castration, 
concurrent dehorning and castration, and then nonsurgical control (CDSH—CD1—CONT2), and nonsurgical control for Period 1 (CONTSH—CONT1).
***P < 0.0001, **P < 0.001, *P < 0.01.
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time point although there was marginal evidence that 
concentrations in the CD1 group were greater than those 
in the CAST1 group at 60 min (26 nmol/L; P > 0.06). 
The AUC0–720 was significantly less in the CONT1 
group than the CAST1 (P = 0.002) and CD1 (P = 0.006) 
groups, with marginal evidence of being less than the 
DH1 group (P = 0.07). The AUC0–720 of the CD1 group 
was significantly greater than the DH1 (P = 0.006) group 
but was not significantly different than the CAST1 group.
Within Period 2 after the second surgical treatment, 
relative to the CONT2 group, cortisol concentrations 
were significantly greater from 20 to 360 min in the DH2 
group (35 to 63 nmol/L; P < 0.01) and from 20 to 240 
min in the CAST2 group (32 to 57 nmol/L; P < 0.001). 
Relative to the CONT2 group, Cmax was significantly 
greater in the DH2 group (P = 0.003) with marginal 
evidence of being greater in the CAST2 group (P = 
0.08), and Tmax was significantly longer in both DH2 
and CAST2 groups (P ≤ 0.01). There were no significant 
differences between DH2 and CAST2 calves with respect 
to Cmax and Tmax; however, cortisol concentrations of 
DH2 calves were significantly less than CAST2 calves 
at 120 min (33 nmol/L; P = 0.005) and then were greater 
from 360 to 480 min (27 to 29 nmol/L; P < 0.002). The 
AUC0–720 of the CONT2 group was significantly lower 
than the CAST2 and DH2 groups (P < 0.001), but there 
was no significant difference detected between the 
CAST2 and DH2 groups.
Comparisons within Treatment Sequence. Within 
CD1-CONT2 calves, there were no significant differences 
detected between the sham handling and CONT2 
with respect to Tmax, Cmax, AUC0–720, or cortisol 
concentrations at any time point. Within the same calves, 
cortisol concentrations were greater in CD1 than in both 
sham and CONT2 from approximately 20 to 360 min 
and at 720 min (23 to 76 nmol/L; P < 0.05, except 360 
min in CONT2 for which P = 0.06). The AUC0–720 was 
significantly greater in CD1 than CONT2 (P < 0.0001).
Within DH1-CAST2 calves, compared with SH, 
cortisol concentrations were greater from 10 to 60 min (33 
to 74 nmol/L; P < 0.01) and from 5 to 240 min in CAST2 
(24 to 77 nmol/L; P < 0.03), and within the same calves, 
cortisol concentrations were greater in CAST2 than DH1 
from 120 to 240 min (30 to 51 nmol/L; P < 0.001). The 
AUC0–720 of the sham handling was significantly less 
than in DH1 (P = 0.009) and CAST2 (P < 0.0001). The 
AUC0–720 in CAST2 was greater than in DH1 (P = 0.04).
Within CAST1-DH2 calves, compared with SH, 
cortisol concentrations were greater from 20 to 240 min 
(37 to 78 nmol/L; P < 0.01) and from 10 to 480 min 
(31 to 84 nmol/L; P < 0.01, excluding the 120 min time 
point for which P = 0.08), and within the same calves, 
Table 3. Least squares means (and estimated 95% 
confidence intervals) for the maximum serum cortisol 
concentration (Cmax) and the time at which Cmax 
occurred, namely Tmax, for each treatment
1
Treatment Cmax, nmol/L Tmax, min
Sham
CONTSH 73.3 (54.6 to 92.0)
a 14.1 (9.8 to 21.1)ab
DHSH 77.0 (58.3 to 95.6)
a 14.5 (10.1 to 20.6)abc
CASTSH 90.2 (71.5 to 108.9)
ab 14.8 (10.4 to 21.1)abc
CDSH 107.0 (88.4 to 125.7)
bc 17.3 (12.1 to 24.7)abcd
Period 1
CONT1 83.4 (64.8 to 102.1)
ab 13.7 (9.4 to 19.8)ab
DH1 128.3 (109.7 to 147.0)
cd 30.2 (21.1 to 43.0)e
CAST1 136.1 (117.4 to 154.8)
d 26.8 (18.8 to 38.3)de
CD1 143.9 (125.2 to 162.6)
d 34.1 (23.9 to 48.6)e
Period 2 
CONT2 105.8 (87.2 to 124.5)
bc 11.3 (7.9 to 16.1)a
DH2 145.9 (127.2 to 164.6)
d 23.2 (16.3 to 33.2)cde
CAST2 129.3 (110.7 to 148.0)
cd 21.9 (15.4 to 31.3)bcde
a–eMeans within entire columns (including sham, Period 1, and Period 2) 
not connected by the same letter are significantly (P < 0.05) different.
1Log transformed means for Tmax were back-transformed to the original 
units for presentation. The first and second surgical procedures were performed 
in Periods 1 and 2, respectively. Serum cortisol concentration was measured 
after sham handling and after surgical treatment in Periods 1 and 2 of the study. 
With subscripts indicating either sham handling (SH) or the period in which the 
treatment was performed, the sequences were sham castration, castration, and 
then dehorning (CASTSH—CAST1—DH2), sham dehorning, dehorning, and 
then castration (DHSH—DH1—CAST2), sham dehorning and castration, con-
current dehorning and castration, and then nonsurgical control (CDSH—CD1—
CONT2), and nonsurgical control for Period 1 (CONTSH—CONT1).
Figure 3. Least squares mean estimates (±SE of the estimate) of the in-
tegrated cortisol response from baseline to 720 min postprocedure (AUC0–720) 
for calves undergoing sham treatment or surgical treatments in Periods 1 and 2. 
With subscripts indicating either sham handling (SH) or the period in which the 
treatment was performed, the sequences were sham castration, castration, and 
then dehorning (CASTSH—CAST1—DH2), sham dehorning, dehorning, and 
then castration (DHSH—DH1—CAST2), sham dehorning and castration, con-
current dehorning and castration, and then nonsurgical control (CDSH—CD1—
CONT2), and nonsurgical control for Period 1 (CONTSH—CONT1). 
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cortisol concentrations were greater in DH1 than CAST1 
from 360 to 480 min (30 to 32 nmol/L; P < 0.01). The 
AUC0–720 of the SH was significantly less than CAST1 
(P < 0.0001). There was marginal evidence that the 
AUC0–720 of DH2 was greater than CAST1.
Comparisons within Surgical Treatment. Between 
CAST1 and CAST2, there was no significant difference 
between the AUC0–720 nor were there significant 
differences in cortisol concentrations between time 
points except at 720 min, where CAST1 was greater than 
CAST2 (25 nmol/L; P = 0.02). Between DH1 and DH2, 
cortisol concentrations were significantly greater in DH2 
than DH1 at 20 min and from 240 to 480 minutes (20 to 
26 nmol/L; P < 0.05) and the AUC0–720 was significantly 
greater in DH2 than DH1 (P = 0.004).
Chute Exit Velocity. The results for chute exit velocity 
are shown in Fig. 4. There was evidence of an interaction 
between period and treatment (P = 0.008) on chute exit 
velocity. There were no significant differences between 
groups when sham handled. In Periods 1 and 2, calves 
that were castrated (CAST1 and CAST2) exited the chute 
significantly slower than calves that were dehorned (DH1 
and DH2) within the respective period (P < 0.05).
Average Daily Gain. Figure 5 shows the segmental 
ADG of calves through the entire study. The mean ADG 
outcomes that were significantly different than 0 were the 
CONT1 group in Period 1 (1.5 ± 0.4 kg/d), the CAST1 
group in the interim between periods (0.9 ± 0.4 kg/d), and 
the DH2 group in Period 2 (–1.2 ± 0.4 kg/d). In Period 1, 
there were no significant differences between the ADG of 
CAST1, DH1, or CD1 calves. In Period 1, the ADG of the 
CONT1 group was significantly greater than that of CD1 
(difference ± SED, 1.5 ± 0.6 kg/d; P = 0.02) but not CAST1 
or DH1 groups. In the interim between periods, the ADG of 
calves in the CAST1 group was significantly greater than 
that of the CD1 group (1.4 ± 0.6 kg/d; P = 0.03). In Period 
2, the ADG of the DH2 calves was significantly lower than 
both CAST2 (–1.5 ± 0.6 kg/d; P = 0.02) and CONT2 groups 
(–1.8 ± 0.6 kg/d; P = 0.005).
DISCUSSION
With the aim of evaluating the relative stress and 
production effects of common husbandry procedures in 
the United States cattle industry, this study investigated 
the responses of surgical castration, amputation dehorning, 
and concurrent castration and dehorning of 3- to 4-mo-
old, acclimated Holstein calves. The immediate indicators 
of distress included serum cortisol concentration and 
chute exit velocity. Average daily gain was evaluated as 
a longer-term indication of production and overall well-
being. Cortisol concentrations in Period 1 appeared to be 
most influenced by castration, whether performed as a 
solo procedure or concurrently with dehorning. This was 
indicated by the mean cortisol concentrations of castrated 
calves (CAST1 and CD1) being greater than controls 
for nearly 4 h whereas cortisol concentrations of DH1 
calves were greater than controls for approximately 1 h. 
Furthermore, the overall cortisol responses of CAST1 and 
CD1 calves were not significantly different, suggesting 
the possibility that near-ceiling cortisol concentrations 
resulted from the castration procedure, leaving little 
room for an additive increase due to dehorning (Coetzee, 
2011; Stock et al, 2013). It is not known why cortisol 
concentrations of castrated calves were greater than 
control concentrations at 720 min postprocedure in Period 
1; that response was not observed in Period 2.
Important to the inferences made between groups in 
Period 2, the cortisol profile of CONT2 calves was not 
different than when the same calves underwent sham 
handling, despite an intervening concurrent castration 
and dehorning procedure. This finding indicates the lack 
of a memory effect on cortisol concentrations in those 
calves in Period 2 and suggests the validity of their use as 
controls in that period. Because all calves were of similar 
breed, background, and acclimation, it may be assumed 
that the painful experience in Period 1 had a similar lack 
of memory effect on the cortisol response in Period 2, thus 
suggesting the validity of comparisons made between 
periods within a treatment or treatment sequence.
Figure 4. Least squares means (±SE of the estimate) for chute exit 
velocity, which was measured after the sham procedure and the surgical 
procedures in Period 1 and 2 of the study. With subscripts indicating either 
sham handling (SH) or the period in which the treatment was performed, the 
sequences were sham castration, castration, and then dehorning (CASTSH—
CAST1—DH2), sham dehorning, dehorning, and then castration (DHSH—
DH1—CAST2), sham dehorning and castration, concurrent dehorning and 
castration, and then nonsurgical control (CDSH—CD1—CONT2), and 
nonsurgical control for Period 1 (CONTSH—CONT1). 
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Our results support and extend the findings reported 
by Schwartzkopf-Genswein et al. (2005), in which 1- to 
2-mo-old Holstein bull calves were disbudded by hot 
iron cautery and then approximately 21 d later were 
surgically castrated. In that study, as in the present 
report, cortisol concentrations reached maximum peaks 
at approximately 30 min for both procedure groups, but 
then a more sustained response in the castrated calves 
resulted in significant differences between groups in 
cortisol concentrations at the 120 and 240 min time 
points, similar to what we observed in calves undergoing 
the DH1—CAST2 sequence in our study. Schwartzkopf-
Genswein et al. (2005) proposed that memory of a 
previous negative experience may have caused cortisol 
concentrations to be greater when calves were castrated 
than when they were disbudded because in that study 
castration always occurred after disbudding. Although 
the previous negative experience may have contributed 
to the differences seen in that study, the apparent lack of 
a memory effect in CONT2 calves in our study suggests 
the possibility of a minimum contribution. Furthermore, 
when we compared cortisol response to castration and 
dehorning performed in parallel in Period 1 of our study, 
the results were similar, with cortisol concentrations 
of CAST1 calves being significantly (and marginally) 
greater than those of DH1 calves at 120 (and 240) min.
In Period 2, with the exception of the increased 
concentrations at 720 min, the cortisol profiles of 
castrated (CAST2) calves were not different than those 
that were castrated in Period 1 (CAST1). This indicates 
that the later castration was not more stressful than 
the procedure performed earlier. The later dehorning 
Figure 5. Least squares mean estimates (±SE of the estimate) of ADG for calves undergoing sequential surgical treatments separated by 2 to 3 wk. With 
subscripts indicating either sham handling (SH) or the period in which the treatment was performed, the sequences were sham castration, castration, and then 
dehorning (CASTSH—CAST1—DH2), sham dehorning, dehorning, and then castration (DHSH—DH1—CAST2), sham dehorning and castration, concurrent 
dehorning and castration, and then nonsurgical control (CDSH—CD1—CONT2), and nonsurgical control for Period 1 (CONTSH—CONT1). Average daily gain 
was computed from BW obtained on the morning of each surgical treatment and 7 d later. The resulting ADG intervals and time span were: Period 1 (7 d), Interim 
(7 to 14 d), and Period 2 (7 d). Means within an ADG interval not connected by a common letter differ (P ≤ 0.05). Means marked with the double dagger symbol 
are significantly different than zero.
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procedure, however, appeared to be more stressful than 
the earlier procedure. This is indicated by the significantly 
greater cortisol concentrations in the DH2 than the DH1 
group soon after the procedure at 20 min and later at 240 
to 480 min. Furthermore, after the dehorning procedure, 
cortisol concentrations of DH2 calves did not decline 
to the concentrations of the contemporaneous control 
group (CONT2) until 360 to 480 min postprocedure, 
which is in contrast to the profile noted for DH1 calves 
noted above. The greater concentrations of cortisol in 
the calves dehorned in Period 2 might be attributed to 
the more advanced stage of horn development in which 
the horn buds had attached to the skull, and the frontal 
sinus was possibly invaded in a greater percentage of 
calves than in Period 1. Horn buds are free floating in 
the skin until approximately 2 mo of age, when they 
gradually attach to the skull and to the frontal sinus 
(AVMA, 2011b; Stock et al, 2013).
Regarding the concurrent castration and dehorning 
procedure, the cortisol concentrations of the CD1 group 
were not significantly different from those of CAST1 at 
any time point, but compared with DH1, the concurrent 
procedure resulted in greater cortisol concentrations 
for approximately 3 h resulting in a greater integrated 
cortisol response as shown by the AUC0–720. In Period 2, 
when castrated and dehorned calves served as controls 
(CONT2), their cortisol was less than that of calves that 
underwent castration (CAST2) and dehorning (DH2) for 
3.5 and 5.5 h, respectively. Thus, although our results 
indicate that castration followed by dehorning is more 
stressful to the animal than the concurrent procedure, 
our results do not suggest a difference between the 
concurrent procedure and dehorning followed by 
castration. It should be noted, however, that calves 
undergoing the single procedure in the field would still 
need to undergo another stressful procedure, but those 
undergoing the concurrent procedure would not require 
another handling such as even the chute experience of 
the CONT2 calves in our study.
The pattern of our cortisol results observed in Period 
2 were similar to the results of a study [reported both 
in Ballou et al. (2013) and in Sutherland et al. (2013)], 
in which calves were either surgically castrated or 
amputation dehorned as a single or combined procedure. 
As reported in Sutherland et al. (2013), the mean cortisol 
concentration of dehorned calves was elevated above that 
of sham-treated controls for at least 6 h postprocedure 
whereas the mean cortisol concentration of castrated-only 
calves was elevated from baseline to 4 h postprocedure. 
The cortisol results, as reported in Ballou et al. (2013), 
indicated that the cortisol concentration of dehorned-
only calves was significantly than that of castrated-
only calves from 1.5 to 6 h postprocedure. Combining 
behavior with cortisol data reported both in Ballou et 
al. (2013) and Sutherland et al. (2013), in Ballou et al. 
(2013), the authors concluded that dehorning was more 
painful than castration in 3-mo-old calves. The results of 
our 2-period study based upon cortisol results suggest 
that it cannot be definitively concluded from a single 
snapshot in time that 1 procedure is inherently more 
painful than another but that the age of the animal at the 
time of application is an important determinant of pain 
and stress perception.
Baldridge et al. (2011) investigated the possibility 
that the relative noxiousness of a procedure might 
be associated with the desire of the calf to escape 
the situation and that this might be measured by the 
velocity with which the calf left the chute. Baldridge 
et al. (2011), observed no difference in chute exit 
velocity of nonsedated Holstein calves after a sham or 
an actual surgical castration and dehorning procedure. 
We observed similar results of no difference between 
the chute exit velocity of control calves and those that 
were concurrently castrated and dehorned in Period 
1 of our study. Our study extended those results to the 
single procedures of castration and dehorning, where 
we observed significantly slower chute exit velocities 
in CAST than DH calves within each surgical period. It 
is unknown, however, if 1 procedure was more painful 
than the other. Given that the chute exit velocity of DH 
calves was not significantly different (i.e., not faster) 
than CONT calves in any period, the difference between 
the CAST and DH calves was possibly that the CAST 
procedure made the calves more reluctant to move due 
to a combination of visceral pain and pain caused by 
moving the rear legs. Furthermore, given the lack of 
difference between the CD1 group and either CAST1 or 
DH1 group, it is possible that the dehorning procedure 
increased the desire for CD1 calves to move away from 
the chute despite any visceral pain or pain caused by 
movement of the rear legs. Our investigation of chute 
exit velocity suggests that, in acclimated Holstein calves, 
the measure may be indicative of a difference in type or 
area of pain perception but did not indicate that a painful 
procedure increased the desire or ability to move away 
from the chute faster than control calves. Although as 
reported in Baldridge et al. (2011) chute exit velocity 
is not useful in sedated calves, the measure might be a 
useful adjunct in assessing nonsedating methods of pain 
relief due to castration but not dehorning.
Surgical castration is generally followed by a 
period of reduced BW gain, the severity of which is 
usually related to the age of the animal at the time of 
the procedure (Bretschneider, 2005; Stafford and Mellor, 
2005b; AVMA, 2011a). Losses in ADG after surgical 
castration tend to be greatest during the first 7 d after the 
procedure although cumulative ADG may be reduced 
through 27 to 35 d (Cohen et al., 1990; Fisher et al., 1996; 
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Coetzee, 2013). The results of our study followed that 
pattern, with no significant BW change detected over the 
7 d after the single castration procedure in either Period 1 
(CAST1) or Period 2 (CAST2) but with a significant BW 
gain of the CAST1 group during the interim between 
procedures. However, given that the ADG of both 
CAST1 and CAST2 calves did not change significantly 
during the respective period, the CAST procedure did 
not appear to affect the ADG more adversely when 
performed as a first or second procedure.
Amputation dehorning is also generally associated 
with reduced BW gain after the procedure (AVMA, 2011b; 
Stock et al., 2013). Reductions in ADG after dehorning 
have been associated with increasing age at the time of 
the procedure with the associated increasing size of the 
opening created in the frontal sinus (Winks et al., 1977; 
Brickell et al., 2009). The results of our study followed 
that pattern, with no significant BW change of the DH1 
calves in either Period 1 or in the interim between periods. 
Furthermore, when calves were dehorned at an older age 
in Period 2 (DH2), a significant BW loss was observed in 
the next 7 d, which indicates that dehorning at an older age 
affects the ADG more adversely than at a younger age. A 
possible reason why we observed this difference with the 
DH procedure but not CAST is the rapidly changing horn 
anatomy occurring in this age class of calves. When a 
disbudding procedure is performed before the attachment 
of the horn bud to the frontal bone at approximately 2 
mo of age, the frontal sinus is not invaded, and the 
healing process may occur more quickly than when an 
amputation procedure must be performed in older calves. 
As the horn grows, the horn base diameter enlarges and 
the likelihood of invading the frontal sinus increases 
when dehorning. Wounds opening into the frontal sinus 
may take approximately 4 wk to heal in calves up to 1 
yr of age (Loxton et al., 1982). Sinusitis, with associated 
clinical signs such as poor growth and unthriftiness, is a 
common sequella to dehorning procedures in which the 
frontal sinus is open and exposed to the environment 
(Mullville and Curran, 1992).
Few reports describe BW changes after castration 
and dehorning performed concurrently. In a study of 
2- to 4-mo-old Holstein calves, Baldridge et al (2011) 
reported no net ADG over a period of 13 d after a 
concurrent castration and dehorning procedure. This 
result is similar to that observed after the same procedure 
(CD1) in the current study.
Conclusion
Based on cortisol results after the first surgical 
treatment, castration appeared to elicit ceiling 
concentrations because the addition of the dehorning 
procedure did not significantly increase concentrations. 
Whereas the cortisol response in Period 1 of DH1 calves 
was less than CAST1 and CD1 calves for approximately 
3 h during postsurgical monitoring, the chronic effect 
of dehorning appeared to be more detrimental to longer 
term well-being of calves than castration. This was 
shown by a significant BW gain by CAST1 but not DH1 
or CD1 calves over the interim between periods and 
by the significant BW loss in Period 2 by DH2 calves 
but not CAST2 calves. Our investigation of chute exit 
velocity suggests that, in acclimated Holstein calves, 
the measure may be indicative of a difference in type or 
area of pain perception but did not indicate that a painful 
procedure increased the desire or ability to move away 
from the chute faster than control calves.
Our results indicate that the order in which 
procedures are performed is important if there must 
be a time separation between them. Cortisol and ADG 
results indicate that it is no more stressful or detrimental 
to longer term well-being to castrate first, to castrate 
second, or to concurrently castrate and dehorn first but 
that dehorning second is more stressful and detrimental 
to well-being than dehorning first.
Thus our findings support either the common practice 
of concurrent castration and dehorning or the sequence of 
dehorning followed by castration after a healing period. 
In both instances, however, the procedures should be 
initiated as early during horn development as possible.
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